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Introduction
The corrosion of steels is a problem of enormous practical importance because, steels represent the largest single class of alloys in use worldwide. Corrosion of steels is becoming a big problem since the beginning of 20 th century because of the widely use of steels as structural materials. It is believed that only the carbon steel, approximately 85% of the annual steel production of the world, is widely used as engineering material in marine applications, nuclear power and fossil fuel power plants, chemical processing, petroleum production and refining, transportation, pipelines, mining, metal-processing equipment, construction and so on. These are the reasons for the existence of entire industries devoted to provide the corrosion protective systems for steels and irons. The long term durability of new steel structures and the remaining life of existing steel structures is of central interest to their proper maintenance and asset management. This is particularly the case where protective measures of corrosion such as paint coatings, galvanizing or cathodic protection methods are becoming ineffective. To address such corrosion prevention problems, recent research has produced better quality models for the progression of corrosion of steels with time. These employ fundamental characteristics of steels corrosion as obtained from actual field observations and from laboratory-based electrochemical and other observations. New corrosion problems are arising with the widespread use of different types of steels in various environments up to now. In the 1970s when instruments for surface analysis became available, many corrosion studies had performed by using the surface analysis techniques. [1] [2] [3] [4] [5] [6] [7] [8] The electrochemical measurements have been reported to study the corrosion behavior of steels in alkaline solutions [9] [10] [11] and in NaCl solutions. [12] [13] [14] [15] [16] However, there is no any research works on the corrosion behavior of steels produced or/and used in Nepal. In this context, it is very interesting to study the passivation behavior of various carbon steel rods of Nepal in different environments.
The main aim of this research work is to study the passivation behavior of the carbon steel rods produced in Nepal for construction purposes, in acidic 1 M HCl, neutral 0.5 M NaCl and alkaline 1 M NaOH solutions at 25°C, open to air using corrosion tests and electrochemical measurements.
Experimental Methods
Various carbon steel rods of Nepal, with the average composition (wt %, about: C= 0.17 to 0.25; Si=0.40; Mn= 0.90; S= 0.05; P= 0.05 and the rest iron, were used in this study. The steel rod samples obtained from different companies are named as SR71, SR72, SR73, SR74 and SR75. Prior to the corrosion tests and electrochemical measurement, steel rods having about 7-8 mm diameter of the different steel factories of Nepal were mechanically polished to a mirror finish using edge cutting machine and silicon carbide paper up to grit number 1000 in cyclohexane, degreased with acetone and dried in air.
The corrosion rate of the steel rod specimens was estimated from the weight loss after immersion for 190-264 hours in 100 mL of 1 M HCl, 0.5 M NaCl and 1 M NaOH solutions at 25°C, open to air. The open circuit potentials of the steel rod specimens were measured after immersion for 2 hours in 1 M HCl, 0.5 M NaCl and 1 M NaOH solutions at 25°C, open to air. The cathodic and anodic potentiostatic polarization measurements were also carried on a steel wire of Nepal in 1 M NaOH solution at 25°C. A platinum mesh and saturated calomel electrode were used as counter and reference electrodes, respectively. The sample specimens were used as a working electrode. The potential given in this paper is relative to saturated calomel electrode (SCE).
Results and Discussion
Figures 1(a), 1(b) and 1(c) show the corrosion rates of five carbon steel rods produced by five different steel companies of Nepal, after immersion in 1 M HCl, 0.5 M NaCl and 1 M NaOH solutions, respectively at 25°C, open to air. In 1 M HCl, the corrosion rates of all the examined steel rods are in the range of about 10 1 mm/y. Among these five different steel rods, sample SR71 of the company one shows the lowest corrosion rate of about 3.65 mm/y which is nearly one order of magnitude lower than those of the corrosion rates of samples of other four different companies ( that is, SR72, SR73, SR74 and SR75). The corrosion rates of the SR73 and SR74 samples are slightly higher than those of the SR72 and SR75 samples in 1 M HCl solution 25°C. This trend of the different corrosion rates of the steel rods of different companies of Nepal is not clearly observed in neutral 0.5 M NaCl and alkaline 1 M NaOH solutions at 25°C. In 0.5 M NaCl, all five different steel rods show the almost same corrosion rates (that is, between 6.1 to 8.6x10
-2 mm/y) after immersion for eleven days. The sample SR74 shows slightly higher corrosion rate than others. Similarly, the corrosion rates of all five different steel rods are almost same corrosion rates (that is, 1.6-3.0 x 10 -3 mm/y) after immersion for 264 hours in alkaline 1 M NaOH solution at 25°C. These results revealed that the corrosion rate of all examined carbon steel rods in 1 M HCl solution is significantly higher than those in 0.5 M NaCl and 1 M NaOH solutions. All the examined steel rods of different companies of Nepal show very high corrosion resistance in 1 M NaOH solution at 25°C. M NaCl solutions. Furthermore, figure 3 shows the potentiostatic polarization curve for a steel wire after polarization for 1 h in alkaline 1 M NaOH solution at 25°C. The steel wire shows clearly the active-passive transition and transpassivation. The steel wire is active at the potential range between -500 to -200 mV (SCE) while it is passive at the potential range between -150 to 250 mV (SCE) in 1 M NaOH solution. The passive current density is in the range of 10 -2 A/m 2 in 1 M NaOH solution. Transpassivity is clearly seen after polarization at 300 mV (SCE) or more anodic potentials probably due to the formation of soluble ferrate (FeO 4 2-) in 1 M NaOH solution. 17 Consequently, the corrosion rates of steel rods are significantly higher in 1 M HCl than those in 0.5 NaCl and 1 M NaOH solutions as shown in Fig. 1 . This is mostly due to an ennoblement of the open circuit potentials of steel rods at passive potential regions (that is, between -150 to 250 mV, SCE) in 1 M NaOH solution at 25°C. Similarly, the open circuit potentials of the steel rods in 1 M HCl (that is, about -460 mV, SCE) are in more active potential regions (that is, -500 to -200 mV, SCE) of the steel wire in alkaline solution at 25°C as shown in Fig. 3 .
Conclusions
The passivation behavior of the carbon steel rods of Nepal used mainly for construction purposes is studied in acidic 1 M HCl, neutral 0.5 M NaCl and alkaline 1 M NaOH solutions at 25°C, open to air by corrosion tests and electrochemical measurements. The following conclusions are drawn:
1. The corrosion rate of the steel rods of Nepal in 1 M HCl is significantly higher than those in 0.5 M NaCl and 1 M NaOH solutions. The corrosion rates of different steel rods of Nepal are not same in acidic solution. However, the corrosion rates of all the examined steel rods are almost in the same range in neutral and alkaline solutions, respectively.
2. The open circuit potentials of the carbon steel rods are located in the passive potential regions of steel wire in alkaline 1 M NaOH solution while the open circuit potentials of steel rods are located in the active regions of the steel wire in neutral 0.5 M NaCl solution.
